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CIRCUIT FOR GENERATING HIGH VOLTAGE PULSE 
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Field of the Inv ention 

[0001] The present invention relates to a circuit for generating a high voltage 
pulse having an extremely high vultagc and a large cunent with the aid of 
semiconductor switches. 
Related Art Statements 

[0002] In order to generate plasma, an abruptly raising high voltage pulse of 
several kV to several tens kV having a very short duration (sometimes 50 nano 
seconds is required) has to be applied lo a load* i.e. a disclmige gap piovided in a 
plasma generating reactor. 

[0003] Fig. I is n circuit diagram showing a principal structure of a known high 
voltage generating circuit. A DC supply source 1 having a high output voltage which 
is equal to a voltage of an output high voltage pulse is connected across a pulse energy 
supplying capacitor 3 via a charging resistor 2. The capacitor 3 is connected across a 
load (discharging site) 5 via a switch 4. After charging the capacitor 3, when the 
switch 5 is made conductive, energy is transferred from the capacitor 3 to the load 5, 
[0004] An inductance existing in a path of a current flowing from the capacitor 3 
to the load 5 through the conducting switch 4 is denoted by an inductance 6 in Fig. 1. 
The load 5 is formed by the discharge gap and is generally consisting of a capacitjve 
element. In Fig. 1 , for the sake of explanation, this capaciti ve element of the load 5 is 
denoted by a capacitor 7 connected in parallel with the discharge gap 5. When the 
switch 4 is made conductive, a current flows ro rhe enpacimr 7 and the capacitor is 
charged. The larger and steeper this current is, the steeper the output pulse generated 
across the capacitor 7 becomes. In this manner, a preferable pulse for the plasma dis- 
charge can he arrained. However, in practice, die switch 4 lias a finite switching time 
and could not be made conductive instantaneously, and the relatively large inductance 
6 is ajwaye existent in the circuit Therefore, a raising edge of the output pulse could 
not be steep and an output pulse having a short duration could not be generated. 
[0005] In order to solve the above explained problem of the known pulse 
generating circuit, there has been proposed n magnetic compression circuit utilizing a 
saturable iron core. Fig. 2 illustrates such a magnetic compression circuit. In Fig. 2, 



01090 (2001-164.971) 



-2- 

clcmcnls similar to those shown Fig. 1 arc denoted by same reference numerals used in 
Fig. 1 and their detailed explanation is dispensed with. A series circuit of saturable 
iron or magnetic cores 8*1, 8-2 and 8-3 is connected across rhe switch 4 and the load 5, 
capacitors 3-1 , 3-2 and 3-3 are connected between terminals of these saturable iron 
cores and a negative terminal of the DC supply source 1, and a saturable iron core 8 is 
connected across the load 5. 

[0006] Aji inductance of the saturable iron core i^ery high until the core is 
saturated, and when a product of a voltage and time inches a predetermined value, the 
inductance of The saturable iron core decreases abruptly. Fui (he sake of explanation, 
it is assumed that inductance values of the sjmjrable iron coxes 8 1 7 8 2, 8 3 and 8 are 
decreased in this order and the capacitor^- 1 , 3-2 and 3-3 have a snme capacirance 
value. After the switch 4- has been B^ade conductive and the saturable iron core 8-1 
has been saturated at an instance 1^, voltage pulses vl , v2 and v3 appearing nr.rnRS the 
capacitors 3-2, 3-3 and 7 are successively compressed on a time axis as depicted in 
Fig. 3. That is to say thewoltage pulse vl appearing across the capacitor 3-2 begins 
to increase from the instance To and bcwnies maximum after a time duration Ti. 
Since the circuit lMesigned such that the saturable iron core 8-2 is saturated at such a 
lime instance, tiife voltage pulse v2 appearing aeruss the capacitoi 3-3 begins to raise 
and becojne^naximum after a time period T 2 . At this time, the saturable iron core 8- 
3 is satuaned and the volrage pnl.se vl begins to raise. After a time period Ts which is 
shoite^han the time period T^, th e voltage pulse v^Veaches a maximum value. 
In rius manner, the voltage pulse v3 having a sharp raising edge as well ns a relatively 
snort pulse width can be applied across the load 5. 

[0007] As illustrated in Fig. 2, the known high voltage pulse generating circuit 
including the saturable reactors has a complicated consLi uclion. Since a high voltage 
is applied to all the elements in the circuit, it is required to use special parts, and it is 
also required to provide a longer insulation distance. Moreover, the DC supply 
source 1 has to generate a high voltage. In this manner, the known circuit is liable to 
be large in size and expensive in cost. 

[0008] In thS^nown high voltage pnl.se generating circuit, Lhe switch 4 is • 
generally formed byiLt hyratron which is a kind of vacuum tubes. Since the thyratron 
has a very high switchinkspeed and can be used under a high voltage, the switch 4 can 
be formed by a single thyrajrnn, and therefore an inductance of the switch 4 is small. 
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However, the thyratron has (be following demerit^/ 

(1 ) The thyratron could not operate at a higlvrepetition frequency. 

(2) The thyrarnyn mnld not he self-tuniedraff, and thus a limitation is imposed upon 
designing the circuit. / 

(3) The thyratron has a short hfetira&and maintenance is cumbersome and expensive. 

(4) Thp. Thyratron requires a header circuit as well as a gas control, and tlicrcfore a 
whole circuit is liable to pc complicated. 

(5) The thyratron has malfunction due to jitter and miss-ignition. 

[0009] Recently senucouductor switches have been developed in accordance with 
the progress of power eifectronics, and there have been designed semiconductor 
switches whirh ran ifim-on and turn-off a large current undc; a high voltage. 
However, a semiconductor switch has a lower withstand voltage and could not be 
substituted forme tbymtron A swirch is composed of a series circuit of a number of 
semiconductor switches and a necessary circuit voltage is sheared by these 
semiconductor switches. In order to turn-on simultaneously the semiconductor 
swilchejfeoniiected in scries, it is necessary to provide special g ate driving circuit s. 
Furthermore, a high voJtage is applied between the gate driving circuiis, and therefore 
gat gfcuwer sources and gat e control signals have to be isolated from each other, 
lnfeeneral, remarkable advantage couid not be attained by only replacing the thyrcitron 
^ a sftries circuit of semiconductor switches. \ 
[0010] As explained above, in the known high voltage pulse generating circuit, a 
high DC voltage sources is required and all the circuit components are subjected to a 
high voltage. Moreover, a pulse having a short width could not be produced due to a 
limitation in switching speed and a circuit inductance, and The-r^fon* rho, magneric 
compression circuit has to be used. Then, the circuit becomes large and expensive. 

Summery of the Invention 
[0011] The presftni invention has for its objeel to provide a simple and low cost 
high voltage generating circuit which can generate directl y a narrow hi g h vo ltage 
pulse raising sharply without using the magnetic compression drr.nir by effectively 
utilizing the circuit inductance. 

[00121 It is another object of the invention to provide a high voltage generating 
circuit which can generate a narrow and steep high voltage by means of semi- 
ronductnr switches having Turn-off faculty and operating with a relatively low DC 
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voltage source. > 

[0013] According to the invention, a high voltage puise generating circuit 

comprises: 

a DC voltage source having first and second output terminals; 
a first switch having one end connected to said first output terminal of said DC 
voltage source; 

a branch circuit including a free-wheel diode connected across the other end of 
said first switch and said second output terminal of The Dr. voltage source; and 

a series circuit including an inductance and a second switch and connected in 
parallel with said branch circuit; 

wherein after making said first and second switch on to store inductive energy 
in 3aid inductance, the energy stored in the inductance is commuted to a load 
connected across said second switch by turning-off said first and second switches. 
[0014] In the high voltage generating circuit according to the invention, said 
first and second switches may be formed by first and second semiconductor switches. 
In such a case, a low DC voltage is applied to the inductance through the first and 
second semiconductor switches to store inductive enp.Tgy in The indncrance, and then 
the first and second semiconductor switches arc turncd-off to commutatc the 
inductive energy to a load capacitance of a low inductance circuit. By charging rhe 
load capacitance abruptly, it is possible to generate a high voltage pulse having a 
narrow width. 

[0015] tn a preferable embodiment of the high vpktff e pulse generating circuit 
according to the invention, said first semicon^fifor switch is constituted by a 
semiconductor switching element havms^Tow wiThsTanrt voWage and said second 
semiconductor switch is constructed^ a series circuit of a plurality of semi- 
conductor switching ejements hfwmg a high withstand voltage, the number of said 
plurality of semiconducLora#iichii]« elements being determined in accordance with 
an amplitude of an outpj^t voltage pulse to be generated. There are further provided 
a plurality of iron cprcs, the. number of which is equal to rhat of said plurality of 
semiconductor switching elements. A primary winding passing through said 
plurality ofron cores is connected in series with said free-wheel diode, and a 
plurality^? secondary windings each passing through respective iron cores are 
connecrcd to gates and cathode terminals of respective semiconductor switching 
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elemcnts of said scries ckcuito£senuconductor switching dements. In this case, it 
is particularly preferabletftfai each of the semiconductor switching elements of. said 
series circuit is formed by a smiir. induction thyristor. However, according to the 
invention, ^^semiconductor switching elements may be formed another 
semiepjrauctor switching element such as insulated gate bipolar transistor (IGBT) 
wj^fch has a mrn-nff faculTy. 

[0015] In a preferable embodiment of the high voltage pulse generating circuit 
according to the invention, after discharging the energy to the load by tuming-off thft 
second switch, the second swileh is lunicd-un again foi a very short time period. 
Furthermore, said first and second switches may be turned off simultaneously or at 
different timings. 

Brief Description of the drawings 

Fig. 1 is a circuit diagram showing a principal structure of a known high 
voltage pulse generating circuit; 

Fig. 2 is a circuit diagram illustrating a known high voltage pulse 
generating uicuh including a magnetic compression circuit; 

Fig. 3 is a signal waveform explaining the known high voltage pulse 
generating circuit shown in Fig. 2; 

Fig. 4 is a circuit diagram depicting a first embodiment of the high 
voltage pulse generating circuit according to the principal conception of IhcinveiiLioii; 

Figs. 5A-5H ore signal waveforms representing the operation of the high 
voltage pulse generating rirnnir illustrated in Fig. 4; 

Fig. 6 is a circuit diagram showing a second embodiment of the high 
voltage pulse generating circuit according to the invention; 

Fig. 7 is a circuit diagjiiun illusuating a third embodiment of the high 
voltage pulse generating circuit according to the invention; 

Fig. 8 is a circuit diagram depicting a fourth embodiment of Ihc high 
voltage pulse generating circuit according to the invention; and 

Fig. 9 is a circuit diagram showing a fifth embodiment of The high 
voltage pulse generating circuit according to the invention. 

Description of the Preferred Embodiments 
[0017] Fig. A is a circuifkHagrani showing a first embodiment of the high 
voltage pulse generating circuiWjcording to the principal conception of the present 
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invention. There is arranged a low DC voltag^ourcc 1 1 whose output voltage can 
be determined in regardless to an an)plituj|^of an output high voltage pulse to be 
generated. A positive, output ternim?Qof the DC voltage source 1 1 is connoted to 
iis negative output terminal bv^ans of a series circuit of a first switch 12 having 
turn-on and turn-off facult^nd a lower withstand voltage, an inductance 16 for 
sToringa indn^Tivc enra^y, and a second switch 14 having ram-on and mm-off 
faculty and a high^Mvithstand voltage. The first switch 1 1 having the turn-on and 
turn-off facultv/seives to perform the supply and stop of the inductive, energy to the 
indueLanceJri and can be funned by a switching element having a lower widistand 
voltageVThe second switch 14 also having the turn on and turn-off faculty operates 
to peBrorm The supply find release nf the inductive energy of the inductance 1 6 and 
Tho^utput high voltage is applied to the second switch. Therefore, the second 
^witch 14 should have a higber^ntjigT and volta ge, lhf\n rhar of the first switch 12. 
100181 A branch circuit including a free-wheel diode 13 is connected across a 
common connection point between said first switch 12 and said inductance 16 and 
the negative output terminal of the DC voltage source 1 1 . Since the high output 
voltage is not applied to the tree-wheel diode 13, This diode may be of a lower 
withstand voltage. In parallel with die second switch 14, is connected a load 15, 
which may be a discharge gap provided in a plasma generating reactor. A capacitor 
1 7 representing The capacirive load 1 5 is shown in Fig. 4. 

[0019] Now the operation of the high voltage pulse generating circuit according 
to the invention will be explained with reference to "Fig. 5. Fig. 5A represents an 
on-off condition of the first switch 12, Fig. 5B an on-off condition of the second 
switch 14 s JKig. bC a current isw] flowing through the first switch 12, Fig. 5D a 
current h, passing through Ihe inductance 16, Fig. 5E a current isw2 flowing through 
the second switch 14, Fig. 5F a current i D flowing through the free-wheel diode ] 3, 
Fig. 5G a resonance current ic passing Through The capacitor 1 7, and Fig. 5H shows a 
voltage appearing across the capacitor 17, i.e. the output high voltage pulse Vc. 
[0020] Now it is assumed that the first and second switches 12 and LA are 
turned-on at a timing u>. It should be nulcd that accoiding to die invention, the 
second switch 14 may be turned-on prior to the first switch 12. Then, a low voltage 
E of the DC voltage source 1 1 is applied jo the inductive energy storing inductance 
I fi (having an inductance value L) and the current ii_ passing through the inductance 
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16 increases linearly with an inclination of E/L (Fig. SC). That is to say, the 
inductive energy is stored in the inductance J6, In a first mode J shown in Fig. 5H, 
this current ii_ is equal to the current iswj passing through the first switch 1 2 and the 
current S$w2 passing through the second switch 1 4. 

[0021] When the current passing through the inductive energy storing inductance 
16 readies; a given uuiicnt Ip a( tm instance li, the first and second switches 12 and 
1 4 are turned-off (Figs. 5 A and 5B). In this case, the first and second switches may 
be turned-off at different timings, bm for ihe sake of explanation, The first and second 
switches arc turned-off simultaneously. In a second mode 11 which is initiated at 
the turn-oft" of the first and second switches 12 and 14, the current flowing through 
the inductive energy storing inductance 16 is ujuuuulalcd to the bianch chcuit 
including the free wheel diode 13 as well as to the load 15 (capacitor 17), That is 
rn say, rhe inductive energy (LI P 2 /2) stored in the inductance 1 6 initiates a resonance 
alon* a loop of inductance 16-^capacitor 17— ^free-wheel diode 13. 
[0022] The resonance current! may be represented by the following equation () ): 

i-Ipcoswt (1) 
The voltage Vc across the capacitor 17 is denoTed by the following eqitarinn (2): 

Ip 



Vc = — ^sin cot = V p sin cot (2) 
coC 



Here 



ru in _ v 

In general, a waveform of the output voltage pulse is determined in accordance with 
the load J5. Thar is to say, a peak value Vj> (which corresponds to a discharge start 
voltage) of the output voltage Vc applied to the load 1 5 and a lime duration Tj from 
the time instance ti to a time instance at which the output voltage, reaches its peak (a 
time interval of the second mode ED aie given, and furthermore the capacitance C of 
the capacitor 17 is determined by the load 15, Moreover, the output voltage E of 
the DC voltage source 1 1 can be determined at will and may he sct to a suitable 
value To* die system under consideration. 

[0023] Therefore, from the above mentioned equations (l)-(3), Land Ip may be 
obtained by the following ftrpiarions (4) and (5), respectively: 
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In order to flow the current Ip to the inductive energy storing inductance 16, a time 
period To during which bolli the first aud second switches 12 and 14 are made 
conductive is set in the following manner: 
U u ?.V rt T, 

T »=if=^r , <« 

Then, it is possible to obtain the high voltage pulse having a very narrow width By 
controlling the time duration To during which both the first and second switches arc 
made conductive, a peak value of the output pulse can be adjusted freely without 
changing a width T? of a raising portion. 

[0024] The output voltage Vc reaches its peak value at a time instance t 2? and a 
most efficient operation can be attained when the discharge is initialed in the Joad 1 5 
at this timing t?. However, the discharge is a very complicated phenomenon which 
depends upon temperature, humidiry and gas nnnrtiiinn, and it is quite difficult to 
explain the discharging operation quantitatively. Therefore, the explanation of the 
discharge is dispensed with in the present specification. Jn general, if a decrease in 
the output vullagc Vu due to the discharge is not abrupt, undesired influence is 
applied to the discharge in a physical meaning. Therefore, it is advantageous to 
provide n mode IV in which the second switch 1 4 is tumed-on at a time instance t 3 to 
decrease the output voltage Vc to zero forcedly. 

[0025] As explained abo^Cin the high voltage pulse generating circuit 
according to the invention; an extremely high voltage pulse can be generated by the 
very simple circuiyf'ging the less expensive and small low voltage DC Sftnrctt by 
effectively utili^ng the scmiujiiductci switches having the turn-off faculty instead of 
the thyratron which does not have a turn off function. Furthermore, it is an 
. important merit of the circuit according ro rhft invention That rhe inductance of a 
drc^fit purtiuii including the second switch ] 4 do not affect principally the generation 

output voltage pulse. 
[0026] Fig. 6 is a circuit diagram showing a detailed arrangement of a second 
embodiment of the high voltage pulse generating circuit according to the invention. 
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Iji Fig, 6, portions having similar functions as those of Fig. 4 are denoted by same 
reference numerals used in Fig. 1 . To a DC voltage source 2 1 is connected a direct 
current smoothing circuit consisting of an inductor 22 and a capacitor 23 such that a 
high frequency impedance of the voltage source is sufficiently decreased and a pulse 
current can be supplied smoothly, in the present embodiment, the first switch 1 2 
shown in Fig. 4 is formed by a power MOSFET 24. As explained before, the first 
switch may have a lower withstand voltage, but it may be constructed by a parallel 
circuit of a plurality of power MOSFETs in accordance with a peak value ]p of llic 
current passing through them. The second switch 14 shown in Fig. 4 is formed by a 
scries circuit of a plurality of static induction thyristors 25-1-25-4. The series 
arrangement of these static induction lhyrisiurs 25- J -25-4 is denoted by 25. 
The number of the static induction thyristors 25-1— 25- / 1 in the series arrangement is 
determined by the peak- valne V P of the output voltage pulse as well as by withstand 
voltages of these static induction thyristors. In the present embodiment, four static 
induction thyristors 23-1-25-4 are provided. 

[0027] As slated above, when a plurality of the controllable semiconductor 
switching elements, in the present embodiment the four sraric induction LhyrisLuiB 
25-1-25-4 arc coimecLed in scries, these semiconductor switching elements require 
respective gate driving circuits independently. Since the. high voliage (maximum 
volrage is V» is applied between jespectivc gate driving circuits, a high withstand 
voltage isolation has to be provided between voltage source and control signals for 
these gate driving circuits. This results in an increase in size and cost of the circuit 
as well as in a decrease in reliability. In order to shear the high voltage by the 
semiconductor switching elements equally, it is necessary to turn-on and lum-off 
these semiconductor switching elements abruptly To this end, gate signals should 
be applied to the semiconductor switching elements simultaneously in a very precise 
manner. This requires a highly developed technique. 

[0028] In the present embodiment, in order to solve the above mentioned 
problem, the static induction thyristors are not provided with respective gale driving 
circuirs. That is to say. in the piesent embodiment, there arc arranged a plurality of 
iron cores 26-1 -26-4, the number of which is identical with that of the static 
induction thyristors 24-1-24-4, and a primary winding 27 constructed by the branch 
circuit including the free-wheel diode 1 3 is passed through the iron cores 26-1 -26-4. 
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Sccondary windings 28-1-28-4 each connected across gates and cathodes of 
respective static induction thyristors 24-1-24-4 are passed through respective iron 
cores 76-1-9.6*4. In this manner, the primary winding 27 of a single turn are 
provided commonly for all the magnetic cores 24-1-24-4 and ihe secondary windings 
28-1 -28-4 of a single turn are provided for respective magnetic cores 24-1-24-4. 

Pncm uf ihc high voltage pulse 
explained with reference to 
stumed-on and a currenT flows 
circuit to the parallel circuit of 
T 24 and magnetic cores 
i capacitor fur iluwing a lai&e 
OSFET 2A . The resistor 30 
low in the secondary windings 
4 in such a direction that a 
i the primary winding 27 is 
nts for the static induction 
srs are made on simultaneously 
action thyristors 25 (all the 
etive, and the current flows to 
at, the circuit operates in a 
Ddimenl. Here, the current 
does not raise abruptly, and it 
:>rs 25-J -25-4 abruptly. 
:or 30, and only ihf» raster nr 29 

[0030] However, the rurn-ott* operation of the static induction thyristors 25 
ronsTiniTing rhe second semiconductor switch differs fiujjj the Inst embodiment as 
will be explained hereinafter. When the power MOSFET 24 constituting the first 
semiconductor switch is turned-off at a timing ti at which the currftnv passing { 
through ihc inductive cneigy storing inductance 1 6 becomes the maximum value I ft 
the current which has flown to the inductive energy storing inductance 1 6 is 
commutated to the branch circuit including the free-whefiJ diorte IT. This current 
flowing along the primary winding 27 coupled with the magnetic cores 26-1-26-4, 
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and currents having the same amplitude as that flowing through the primary winding 
flow through the secondary windings 1 -28-4 in such a direction that the magnetic 
flux induced by the current flowing through the primary winding is cancelled out. 
These currents constitute gate turn-off currents for the static induction thyristors 
25-1-25-4, and these static induction thyristors are turned-off simultaneously. 
It should be nulcd thai the static induction thyristors 25-1-25-4 serving as the second 
switch have a relatively high withstand voltage and can turn-on and -off at a high 
speed. Such a static, indurrion ihyrisror is the, enrrenr driven device instead of the 
voltage driven device such as IGDT, and the larger the turn-on gate current and turn 
oft* gate current is, the taster the turn-on and turn-off operation is performed. 
Therefore, such a static induction IhyrisUu is pjefeiably utilized in an application 
requiring a fast operation such as a pulsed power application. When a turn-off gain 
(a ratio of the anode current to be turned-off to the gate turn-off current) is small, a 
storage time during the turn-off of the semiconductor switch can be shortened and a 
fall time can be also shortened. Therefore, the static induction thyristui can be 
particularly preferably used in the case in which anode current is identical with the 
gate turn-off current and the turn-off gain becomes imuy Iilce as rhe second 
embodiment. 

[0031] In the second embodiment mentioned above, the gate turn-on current 
and gate Uuii-off of the static induction thyristors 25-1-25-4 are identical with each 
other and are large, and thus the static induction thyristors can be simultaneously 
tumed-on and turned-off widwut time difference at a high speed. In this manner, 
the turn-on and -off operation can be performed reliably without any gate driving 
power source as weJl as independent gara signals. 

[0032] In die first and second embodiments, at a suitable timing t 3 after the load 
] 5 has initiated the discharging, the second semiconductor switch 14; 25 may be 
tumed-on again to discharge the capaciloi 17 at a high speed. This becomes an 
effective means for such a case that a discharge impedance of the load 1 5 is loo high 
to discharge the. capacitor 1 7 at a high speed and the physical phenomenon of the 
discharge is affected. The second semiconductor switch 14;25 may be turned-on 
again by turning on the second semiconductor switch for a very short time period as 
illustrated by a broken line in Fig. SR. Then, the output pulse voltage Vc can be 
decreased to zero instantaneously as shown by a broken line in Fig. 5H. 
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[0033] In the second embodiment, die first sGJiiicuuduclui swiieh is formed by 
the power MOSrCT 24 and the second semiconductor switch is constructed by the 
static induction thyristors 25-1 -25-4. It shouhj'be noted that these, semiconductor 
switches may he formed by any other semi conductor switching clement such as 
another type of transistors and IGBT (when it is used as the second semiconductor 
switch, a care should be taken in a point that it is voltage dri van device and a 
limitation is imposed upuu a gaU^&initter voltage. Furthermore, in the second 
embodiment, the second semiconductor switch is constituted by the series circuit of 
the four static induction thVnstors 25-1 -25-4, hut according to lhe invention, lhe 
nuiJibei of sialic induction thyristors is determined by a peak value of the output 
pulse voltage. It i^s matter of course that the load is not limited to the capar.irive 
discharge circuil/Muicoveu the first switch 1 2 and inductive energy storing 
inductance lfyfire connected to the positive output terminal of the direct current' 
voltage sniu£e, but according to the invention, the same function can be attained by 
connecting these first switch and inductive energy stonng inductance to the negative 
outpujnerminal as shown in Pig. 7. Alternatively, one of die first switch 1 2 and 
inductive energy storing inductance 16 may be connected to the negative output 
yfrminal of the. voltage source* 

[0034] Fig. 8 shows a fourth embodiment of the high voltage pulse generating 
circuit according to the invention, in which a flrsr switch 1 2 is connected to a 
puiili ve output terminal of the DC voltage source 1 1 and a inductive energy sioring 
inductance 16 is connected to a negative output terminal of the. Df! voltage source 1 1 . 
[0035] Fig. 9 depicts a fifth embodiment of the high voltage pulse generating 
circuit according to the invention, in which a first switch 12 is connected to a 
negative output terminal of the DC voltage source 1 1 and a inductive eneigy storing 
inductance 1 6 is connected to apositivc output terminal of the DC voltage source 11. 
[0036] In the above explainco^fSfto fifth embodiments of the presenr invention, 
each of the first and secuml'^wilclics sue formed by a semiconductor switch and it is 
possible to gcncratprtfmgh voltage output pulse having an amplitude of several kVs 
to several tep$*kV and a pulse duration of several tens nano seconds lu scvcjal 
hundreds nano seconds. 
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